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Eq. ( 1) .e R =22
should read e R = 22 etc. , and N are the mass:number, atomic number, and density of the stopping medium, respectively, ana we define 2 2 a =~ /~E, where~ is the electron mass and E is the base of natural 0 logarithms.
Eq. ( 2)
Another form of the Lindhard and Scharff equation is given by 3
where E is the recoil energy in Mev. The probability that a particle in a group of particles with mean energy R , will have a range between 0 R and R+dR is given by 
The measurement of the ranges in different gases of heavy recoil atoms from natural alpha decay of various nuclides has been of interest 4-13 for nearly half a century.
Much of the earlier work has proven unsatibfactory and in wide disagreement. 13 Some of the earlier workers collected the recoil atoms electrostatically by taking advantage of the fact that the recoils carry positive charges 14 -16 near the end of their ranges.
In this work, the recoil atoms were stopped in gases between two parallel metal plates and collected electrostatically upon an aluminum strip. This technique was first used in this laboratory by A. Ghiorso and T. Sikkeland.
1 7 The advantage of this procedure is that it provides a convenient and sensitive method for measuring the range and range straggling. The ranges of heavy recoil atoms have been measured by stopping them in thin metal foils 18 ,l9 and in thin nonmetallic films.
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The disadvantage of very thin films is that they are hard to make and difficult to handle. Protactinium and various fission products did not adsorb on the resin and were collected in a polyethylene cone. An aliquot of this liquid was placed on a placinurn disc, evaporated, flamed, and counted in an alpha-particle pulse-height analyzer3 1 to determine whether or not u 
B. Preparation of Th 228 Sources
The ideal source for range and range straggling measurements of heavy recoil atoms from alpha-decay would be one that was so thin that there would be no degradation in the energy of the recoil escaping from the surface of the source. It is possible to produce extremely thin sources by collecting recoils from alpha-decay that have been stopped in air at atmospheric pressure upon negatively charged collectors under a potential of a few hundred volts per em. The mean-free-path for the recoil atoms at atmospheric pressure is so short that the atoms do not accelerate to high enough velocities to penetrate the surface of the collector plate. These atoms in turn decay by alpha-emission, producing the recoil atoms whose ranges are to be studied. With other known methods for source preparation there is a high probability of producing films over the surface of the source material.
Uranium-232 (74y, a) 3 2 was selected because its daughter, Th 228 Fits.
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2. Vacuum system used in the measurement of ranges of Ra 224 rec oil atoms: (a) oil manometer, (b) power supply, (c) diffusion-pump control, (d) thermocouple ga uge for · fore vacuum pressure.
This was a precaution taken to prevent a film of any foreign matter from covering the source. Cylinders of gases were connected to the system by means of tygon tubing attached to the regulator valves. The system was so constructed that all gases entering the bell jar had to pass through a liquid-nitrogen trap. The pressures of the stopping gases were measured with the aid of a differential oil manometer that had been calibrated against a mercury manometer to which it was connected.
A unit, which was housed inside the bell jar, was constructed from glass ( flange and aluminum disc were screwed tightly together. The aluminum disc was screwed to a copper plate, and the collimator was centered between the parallel plates through a hole in the glass support. It 224 was found that when a polystyrene collimator was used, the Ra recoils collected only at the edge of the collector strip nearest the source.
D. Experimental Procedure for Ra~ge Measurements
As a precaution, the Th 228 source was removed from the collimator and flamed before an experiment in order to remove any matter which may have settled on it. The source appeared bright and clean to the naked eye after flaming. A collector strip was positioned on the lower parallel plate, the bell jar was seated over the base plate, and the system was evacuated to ~100 microns with the mechanical pump. The valve to the diffusion pump was then opened, and the system was evacuated to ~10- 
E. Counting Procedure
The alu~inum collector strip was cut into segments along the lines scratched and numbered on its surface. The amount of Ra 224 deposited on each segment v1as then measured by alpha pulse-height analysis (Fig. 4) .
F. Results
The counting results from each collector segment were treated as 224 foLiows. TheRa activity of a segment, derived from pulse analysis, was divided by the length in millimeters of that segment. This placed the Ra 224 activity collected on the aluminum strip on a relative basis.
From the calculated density of the stopping gas in a given experiment, the linear ranges were converted to units of ~g/cm 2 of :.i.c~)ping gas. collector strip with D 2 as the stopping gas.
c: 
c. 
B. Experimental Apparatus
All the Th 226 recoil-atom range measurements were made using a recoil target assembly 2 3 which was adapted for these specific measurements.
The catcher-foil holder pictured by 
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-(~3-An aluminum collector strip, 2.4 em by 8.1~ em, marked in a manner similar to that described previously was used. After the recoil atom collector strip was placed in position on the lower parallel plate and the target chamber cover tightened down, the target chamber was evacuated by means of a mechanical pump. The chamber was flushed twice with the stopping gas before adjusting the gas pressure to the desired value. The gas pressure was adjusted so that the mean linear range of the recoil atoms in the stopping gas would be about 5.5 em. The electrical leads from the de power supply were attached to the block in such a manner that the parallel plate on which the collector strip rested would be negative with respect to the upper parallel plate and the chamber walls. A collecting potential of about 600 v was maintained between the parallel plates during the bombardment.
The duration of helium-ion bombardments was usually between 15 and 30 min. which was usually sufficient to produce adequate quantities of Th 226 . Another advantage of these short runs vTas that the probability of pressure changes in the stopping gas was considerably lowered. The mercury levels in the manometer were closely watched for any change in gas pressure during bombardment.
At the end of bombardment the gas was pumped slowly out of the 222 target chamber in order that any Rn that escaped from the target into the chanber would be trapped in the coil of copper tubing inserted in the liquid-nitrogen Dewar. The chamber was then let up to atmospheric pressure and the chamber cover removed. The collector strip was quickly slipped from its resting place into a container and rushed to the count- The gross alpha-activity was normalized in a manner similar to that described in the section on the results of the Ra 224 recoil-atom range measurements.
The differential range curves for 725-kev Th 226 recoil atoms in D 2 ,
He, and N 2 are shown in Figs. 9, 10, and 11, res~ectively. Table II lists the experimental and theoretical values for the mean range, R , 0 and the straggling parameter, p. ... The diffusion of one heavy metal into another is an extremely slow process even at highly elevated temperatures. The effect of diffusion of the Th 228 into the platinum at room temperature during the period of time that the range experiments were conducted is considered to be negligible.
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The back-scattering of the heavy Ra 224 recoils in platinum is not considered to be a significant surface effect on the recoils.
It is not possible to solve the problem of electric deflection of the recoil atoms rigorously because the charge of the atom and its velocity are not constant over its entire path. Consider a recoil atarr.
of charge e and mass m moving in a uniform electric field of strength X. The atom will experience a force in the direction of X equal in where D is the diffusion coefficient, e, the ionic charge, E, the electric field strength, E, the average agitation energy, k, the Boltzman constant, and T, the absolute temperature. The lateral drift of an ion in the uniform electric field may then be calculated with the aid of tbe relatton 0 u u 0 ~ u l 8 7 7
UCRL-8855 ffl We see, then, that the recoil atom will undergo tt.e e greatest deflection when it possesses the greatest energy. In the fringe of the magnetic field where the recoils were generated and collected, u~e effect of straggling produced by magnetic deflection of the recoil atomE is not important.
Calculations by Harvey 46 show that the large range straggling observed for the Th 226 recoils can be accounted for, in part, by the emission of the four neutrons from the excited compound-nucleus.
Neutron Emission from a compound-nucleus is expected to be isotropic 22
and will broaden the differential range curve but will not change R . 
The kinetic energy ~ associated with the momentum Pb is UCRL-8855 -37- 
